55174 459 W el TR Vol. 17 No. 9
2026 4E 5 H Journal of Food Safety & Quality May, 2026

DOI: 10.19812/j.cnki jfsq11-5956/ts.20251222002
IR RAEA, /K, Er, S R O B RN X e A IS 5T, B AR R
237, 2026, 17(9): 101-111.

WU XX, HUANG XY, WANG KX, et al. Research and analysis of primary aromatic amines and their food safety management
in food flexible packaging [J]. Journal of Food Safety & Quality, 2026, 17(9): 101-111. (in Chinese with English abstract).

FE R AL 5T AT I
WESE LSBT

222" &0, ZTW Fwd!, e’ BEAT
(1. B M b B 28 SR B A BR AN L HM 213000; 2. B 5SS G 24 S0/ Fhuls, H M 213000)

LR AT B

v

B E: A EERE AR EN 5T F A M (primary aromatic amines, PAAs)AEFIER, FIr HAE & LA
LRI ERIE ST AEL, ARG T PAAs BN R  SE3G% | [ N IMESCIE bR M Bk i 4 R,
ARV HAEIZ AL R IR AR ST RS ML, DR a3 it b 4 (R B AL A A 2 RGP RO . F
TR, PAAs VENMAEGRE . RATIRSEARHY SR ISORE, DN HATBUR 58U RN, 2 PR A AR i
FEMADRL = XS 5. BRG, E L R & DOR B R RIUR M A i E RS R a e e
WU B e b PAAs EZORIETIEURH P A BEEEA BN, TR I/NZAPRRE L AR
FHIRLEE | $efib A B R R o, A KUK (ELA R BE DG o PRI, Al Tl OB AR e s tife . 1024
PAFE RGP SRR A PAAs SRS XU, ARG 287 it i) U0 3 T JRe A A% 5 U LA O™ 5 W o b,
ALY T PAAs IE B TR R g i 74 RELI A ORL I 2R RS2 R T+ 3 R EE s F X 5 1], A B A eA 7
Al PAAs & HUAE IS B il 2 A R R P RR S8

KER: AN ALS YR B A, KA SRR

Research and analysis of primary aromatic amines and their food safety
management in food flexible packaging

WU Xing-Xing', HUANG Xiao-Yu', WANG Ke-Xin', DONG Shi-Meng',
LIU Gui-Hua®, SHAO Chen-Jie'"

(1. Changzhou Industrial and Consumable Products Inspection Co., Ltd., Changzhou 213000, China;
2. Nanjing Customs Testing Center for Dangerous Goods and Packaging, Changzhou 213000, China)

ABSTRACT: To comprehensively understand the regulatory standards for the management of primary aromatic
amines (PAAs) and analyze their potential sources and migration patterns in food flexible packaging, this paper

systematically reviewed the application characteristics, toxicological hazards, relevant domestic and international
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regulations and standards and detection technologies of PAAs. It further explored their sources and migration
mechanisms in such packaging and proposed systematic control strategies from the perspective of the entire food
contact material supply chain. The study found that PAAs, as key raw materials in substances such as azo dyes and
polyurethane resins, were internationally recognized as high-risk substances in food contact materials due to their
carcinogenic and mutagenic toxicity. Currently, regions such as China and the European Union adopted a “total
control and individual limit” management model to regulate their food safety risks. In flexible food packaging, PAAs
primarily originate from intentional or unintentional additives in raw materials, and the migration levels were
influenced by multiple factors such as material properties, production processes, usage temperatures and contact
media, made their migration risks a matter of significant concern. Therefore, enterprises could reduce PAAs migration
risks through measures such as raw material substitution, packaging structure optimization, process control and
standardized usage, and conduct migration testing based on the intended use of the final product to ensure
compliance. Furthermore, this paper outlined 3 key research directions: The development of PAAs migration
prediction models, the innovation of new barrier materials and the advancement of detection technologies, providing
technical support for the compliance management and food safety assurance of PAAs in the flexible food packaging
industry.

KEY WORDS: food flexible packaging; primary aromatic amines; food safety; risk management and control
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Table 1 Summary table of carcinogenic toxicity classification of PAAs

Fre IrRAER e e/ AN CAS
1 4,47 - L-(2- R ) 101-14-4
5 WA AZEEUR A A8 AR IE B X A 2K B BU 2 91-59-3
1 PEN KRBT A T ROIEYE, R FESL sy o 5 —
3 R SRS AL 65 A S A AR P67
4 IR i 92-87-5
5 X NS0 ] et s S S0 h R IS A3 i B 418 PR 2 95-53-4
2A FE PSS, XE A BT BS E R BoEYE, ESRE — A
6 HHR A-GUAR H R e 95-69-2
7 4.4 - E T IRR 101-77-9
s 440 A TRk 101-80-4
9 X A 106-47-8
10 3,3’ - AR R IR 119-90-4
11 3,37-Z HT BRI R e 119-93-7
. 35 B %t HH R H 120718
X KT R S0 Sl )
13 . EEYIRIORA PR BRI, (Hh s 5 it 447U IR 139-65-1
14 TR, SRR PO S PS 60-09-3
15 AR s Bdis A 2 2,4- T SR H ik 615-05-4
16 3,3 - WS4 47 TS TR 838-88-0
17 A A SR 90-04-0
18 3,37 - AR AR 91-94-1
19 2,4-T AR 95-80-7
20 AR I A A 97-56-3
21 2,6- " H ILIE [k 87-62-7
22 2,4,5-= HI LT 137-17-7
23 2-G -4 L HOR 99-55-8
24 [ 2 e 108-45-2
25 XA 106-50-3
26 X INCE G PR Bl 62-53-3
27 BAPTRBRA KL, T xt H BB P 74325 2,4-— R 95-68-1
28 4.4 -TE I DR 80-08-0
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1AL, FEILER 2.
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Table 2 Control situation of PAAs in food contact materials in China
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Table 3 Common detection methods and scope of application for PAAs abroad and domestic
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Fig.1 Schematic diagram of common structures of food flexible packaging and their PAAs sources
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Fig.2 General schematic diagram of the decomposition process of azo compounds

3.1.2 FAERMBIIN

Ak A = IS J1 Y (non-intentionally added substance,
NIAS) R 48 7 R A 77 | AL T | it 42 k(o P o e
oy, SRR RN VY B SRR E SN &R BEA
MR, BA RIS e  FR AR R, AR
il bl 22 4 DA B XU A AR T B RHRR DT, RAER
L R, A0, R, WS BA TSR

B, W B AR B 2PN, (B AR A B ik bR} E
RN ARE, JEA BN PAAs R IEAR X
B (1)07 7 R 5 TR IR K A A 1 (B RS (Ul
T2 i HE A o

07 TR S TR e SR A i O T LA, e R TS
TR MR A 28 F b — S Ui e, LAk P e B dh AR e o
W 2K iy PAASE L K figR B EANEL 3 BTR



5 9 1 SURLEL, AR g BRI AV B A I ROBE 5 AV 107
T FUL, 2T PAAs IR SIERHLH, ik

RINCOH,0 —RI— N—LL— OH—RINHsCO, B4k AR TE ., SISk By -l BRI o o

5 SR SRR PAAS PO REAT BB, SEORRETE (LB AP |

TE: R1 i A R A2
3 357 e R IR K i — s B
Fig.3 General schematic diagram of the hydrolysis of
aromatic isocyanates

BB AR AR b R AL P SRR S A R,

Az 7 e a2 R R A TR R e, ] R B — Fh e 2 A
PAASP!, G, e e g L DR B £ {8 SR €0 3R IR
A7 PAAS™. B, (T 2025 4FRKE RASFF Sl 3k
BB S E0E 22 1k, Hh PAAs TR EAHH
1 HE 30%, HJBJE T Shs AR F Y PAAs ARG
3.2 PAAs iTRALEIRFME R

EBEACT HIE R M Z 2R . PAAs T
FEAS B 4 FAEAL R AR S A0 BT () 4 5 T, 3706
FE T (Fick) Y HUE #, TR AR S 3 1w e HT # i
A IPST AN

(DA FIERB IS  PAAs TERLEEA B I IER L4 T
BE By WO FEIE 0, A Bl 5 605 4514 2% DI AH
Ko XMTZREEEHOE, FaMEmZdnmEz. #
GHE)P ) PAAs, T RIS 3 45 SE AT JZ A REHRIL £
Fefu i, TR BRARAC BE S AT B B R PR RE, SR P E
TIRZATBACR G5B R LI & 454 B, RxF
KT HR 2 —WElR/40/% 2% (polyethylene terephthalate/
aluminum/polyethylene, PET/Al/PE)E & [ 145 96 )2 Al
TE R BHBH B 5 B2, A BHT PAAs 23 F97 8L JEmiBH
W% )2 () PET/PE & & I h | PAAs R o WORN A (15 B iz
shEmPHL TR R B TR,

Q3 1. PAAs IWITH 3 ) 22 B 4 3B 1
Fick ¥ #UE i, IR IZ R AR B TR
BERTT PAAs 3 TahRE, WM R R0 A
R, SCEAE T AR LR By, Bt it . %%
AT (pH, L A PAAs WM SR, 1)
T . PAAs MR 22 AR Rl AT RS A o rp A
TERF SR I

K, PAAs IERS it K-V IF RS — I R AE TS 2R, 1
e AP RHRAE(BORIE . BHLRRTE) . A2 12 Rl 25
Z 5 K Z Y B B A R

4 BEmKERT PAAs XEES]

PR FIT SO BT AT 1, PAAS Y BR il 223K B A A 3 = R
W2, B, AL G TS SRR R R Y
WEERE bR, B . Hh . 32 4 E 5 SO X 38 ) % 5
POHLEAS T PAAs T RS = FR1E

T AE R AR 4 KIS, Mg st SRR iR R,
[Fi) PR B £ e 4
4.1 [FERIFT

{2 M RE I JEURME TR 2 H W A R Sk, 2K
W B A0 o ZESRUREER AT ] AN 4 A5 TR UEAT PAAs KU
P (DMIESL F e TC PAAs XU AY & 28 B 40K an: 7T
e PG 35 75 1 S TR R T AL B8 B YR LR IR 2k FFIAR
T SR A R h A IR AR B I R R 3 & 8k PAASs 11
AT BRI M AR YR, LR k2
KA TC PAAs 4 XU A ALEIR . (2)ElE ST HE R e sh 24
PR R . BORUER R HLEORMS MR B . PAAs K&
B S SEUE I A R, I P R BT, () BURE AR
IR . JEURE AR R R AT B E, B ORISR
RS NSl B RF G R W EK . (4)354 70 XA A, ik 38
HH, dEAESIA PAAs,
4.2 BEREHHH

R LEXT PAAs I EIE A2 5 A B Rk g M
M. ZREHHAENZORELET: FiaH T SRR
i LA B T S8 2 R 14 55 A M 0 P 2 B S R MR R 2 A
b Rt BTHFR1T A OCH R 8 o W ERE IR 5 2 ) 1
PRI T R0, SeBl PAAs TR RO BN 4. AZNAR 2]
K 22 241 8 (il 22 /PET/AVPE)#EA 7T A2 S2 0 ) R PR, 24
MR ENRIAE PET E4M, BEYRTEB RS/, P T
ARV B A 40 °CIRZF T, PET/AUPE Mk 3 Fl
PAAs [T & B BAL T PET/PE #%, 75 70 °CILd 441
T, MEIBEITER. HEOCEEET PET/AVPE i
JE I HEER ZAEBARIRLEE PRBE T (40 °C) K5 T G HRBH AR,
I PET/PE &Kl E G454, Sz &M MRZE, PAAs 7]
3 L R [ B Bl 43T 8 B BT B BRI

EERRERERIIIAT, T 4 SHHIET PAAs X
B () sBHRatE . R B8 Z R R, T AL
BH B vk 9 B B B, An: SR 0 - 2008 BE S R 9 [poly
(ethylene vinyl alcohol), EVOH] . 4R H 4 RELIEH B, (2)38m
REREAR K . BNH)NZMNIREE, LK PAAs I H#
AU RER BRI R AT E . Q) ILERZZ M
Wy, K EEE RS, RESEAWEAE PAAs 3R
U5)Z, BEEAR R S EMZ . (4)EH T mR A TR . R ik
FrRE Y, e PR AE SR | AR B A 0 JE b (U R T 0
JLRY) . otk PET), Gkt R 42 PAAs.

43 HTIRTS
PR T AR AR R PAAS 1Y OB HLE SRR,



108 B 5 A BRI 2 4l

FH1TE

FEXBS A i A% O R A P S G S T A 7, DL PR AR
B AEHE PAAs 2R (DIRALRBLZ M, A4 i
WREE | iy OB A) R JEORBC bE, B ORI S SO ey, I
D PRIRER B ROK AR B PAAs. G REAFRER G A7,
R4 1) 557 7 18 S SRR R B 5 22 U R A RN ] L R
IS ) L E , ol G R N 5 4, s Bk B R MK AR A R
PAAS S () Al L2, R AR 26 S SRR R B AR 1 5%
B, RSP A TR R G RN SR, R A
HEI A L PAAS . (3)EESE M A A U B oE AL R, )
77 HERT RS R, DRIE PAAs FF G TERLBRIESLR

4.4 MEEFERERFT

TEREAEFE FHER TS PAAs S8 HAT — 7 15 SR,

S XU s Tl D7 T LR B sl () AR . SR JRARAT
FRAAEIRILT R0 Fe UL R B, BT
IR TS . TRNAIE K, PAAs T & B ¥ T, AR
FER I Ok B BT ARG s R B, IR AUE T PAAs
TR SR, B RS PAAs R =24 314
(DIRE T2 BRI PAAs 20 T-3hAk, WA e fu bt
RN BT ECREL o P REeRC S ) m IR B R
T A B R A EE B BB ShRE 1, § RO FIE A AT,
N PAAs SERS R AL B S M AYE AP (3) iR ME PAAs S
RO, BAGERM Y. FAMLHEE R S B R A E T
PAAs IER s U, FLIELRE (5 mi A E e 5 s ]

A TR . pH, X} PAAs TSR B % .
AZNAR %1 SENDON Z:00042 11 PAAS TERR I 514 T B
Gyttt . BUEAREYIXF AT T 4 Fh PAAs (2,4- T8
FE . 4,47 805 T ORRIRE . 3,37 - IR SEIEA N . AR
WNE 4% R, 10%L %, 95 ZRERITER AL, Bistk
% 4 Fl PAAs 1T FEEPE 10%LEE 95% LB, i
A% BHUE 2,4 - E RGN 3,37- H A EHOR
RIS o ATBFIE I N PAAs ERRMEAHLY, &1k
AT 2 R BEAS, N PAAs TEBAE P ARSI A3
PERLRLY AT, FERR PRI T T AR 2R D, TR
1 KIEREAR, [FIBTANE PAAs BB IE2E SR S 17EAR
FIBLY AT R A TSR], B35 gE & BH, oA vh
3 Fl PAAs (2-%5ME . XTRESMBECR . 4- AR TEAFIT
BARPTHERNE 4%ZBKT 10%Z KT 95%
M I 2 g R B, e e HLrp 25 Fh PAAS 1E 3%
8. 95% LT RIERSBEIHER, 76 10% L BEHIK Y
TR . BEL, SMEMME S PAAs THE ML
Gi— W, RISSESEPR PAAs K TR LGN RLE
57 o

FEREAE . FORERTS, MHOCT 45 R TT . Bt
B Al B AR AR IR L A MR B Ay S AR
o FH PR S5 140 & Bz Al L i oll % 2R o T %, 1

LRy e TR L EE S E AN D ALTINE 25 L SO LS
), AERAfEAE . SR A A A A A AR A
G LA, ATRUAZBHWT PAAs FEME R BEAR v K1 9%
I RIE LN R, SRR LR n—ER.

5 ZRIE

PAAs fENEMEEA T REEFERAHS, BaH
WEUE . BORASEEE, HAER R B A A E P A A i
MRS . PAAs RIEME ST EMNEZHNE
WA, Do T RS Bl 1 T M e AR EOR M . A5
AW ST SEPRTE R, B UF G (1) SF LR B
TR BT, T O e AR RUBS o), AT B S Ak 3L Y g
W5 EURHRIEAL G, Q) b AT, AL 3 A A4 BH
Z55 )7 BT PAAs TR IEARE; QIR ERIEA: " T LS4,
W/ PAAs AEA B AR BUORAR; (4)BIHR ™ A hid 75 6 TR,
P  . AR ST BB LHE R, FI, THa64™"
SRR, SFXTETFR PAAs TR EAGI, BARS A
A E N ANE I R o AT R A 2R Gk B 4 SR
AT RIS SRR, R ORI 2 R AR it
TR AR B 5 AR S %

[FEE, Z54IATFFEE 0S5k FER, Rk RE 3
KA A FE: (O ET R TR, HT Fick ¥ 82
H, BAEMEEE. LS8 HANSY S, &V 2
HZE W N PAAs IERSHUMAIRY, SCBURIR 50 F i
HEROREHETCAL, DU RS GAERT 1S g R . ) F & #T
RISH PR R, B RARB EE . BB A U RIBH PR A R, T8 i
PHEARMMORZE A, S % PAAs BIBHIRZALE, [FRHH 2
BRE . WTRERRTR, WA Z N, )T
UK % NS DB /R S ol E v N (B -/ SN i /N 11 3
BN EN, ALK AT BERERE, 4555 TR, 45
A O T AR R LS, BRI (EiEL
R 3 A5 Bk e, T T T PR O 5 9 o B — AR i G
WJrsg, WA REES TR EER R, b
AT A LR S 5 0 B i R R B A (e AR S

SE Mk

[1] PR HRE AR A7 B[], Ktk 2020, 41(1): 41-44.
BAI CY. Primary aromatic amine in food flexible packaging [J]. Adhesion,
2020, 41(1): 41-44.

[2] IARC Monographs Working Group. Iarc monographs on the evaluation of
carcinogenic risks to humans volume 99 Some aromatic amines, organic
dyes, and related exposures [M]. Lyon: International Agency for Research
on Cancer, 2010.

[3] WHIEER, YRUR, FAAR, S5 £ 4l MRl v B0 905 B e A I Oy 12
W HE R )], B B4R, 2014, 5(9): 2722-2727
MAN ZY, SHEN J, WANG QL, et al. Research progress of detection

methods for primary aromatic amines in foodcontact plastics [J]. Journal



EHCR RIEE, BRI AR

P B B 2 A BRI TS5 0B

109

(4]

[51

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

of Food Safety & Quality, 2014, 5(9): 2722-2727.

ST, OGR4 0T T AT e O R AR LR []. b R A,
2024, 44(8): 24-29.

WU SH. Legal regulation on aromatic primary amines in food cooking
bags [J]. China Packaging, 2024, 44(8): 24-29.

DEWULF F, SEMMOURI I, VAN NIEUWERBURGH F, et al. Exploring
mode of action for acute toxicity of primary aromatic amines with daphnia
magna using differential gene expression analysis [J]. Journal of
Hazardous Materials, 2025(488): 137-377.

WA, BRPOIE, REEE, A, AR R A E Y TR T
[0]. BLHE TR, 2023, 44(15): 112-121.

CAO Y, ZHONG ZH, TANG C, et al. Research progress on the migration
of harmful substances in food contaet materials [J].
Engineering, 2023, 44(15): 112-121.

B, IR [ A SRR SRR IE B L ML), MR,
2025, 35(1): 1-5.

ZHAO YZ, LIU CK. The standards & regulations of food contact

Packaging

materials at home and abroad [J]. Plastics Packaging, 2025, 35(1): 1-5.
FBr AR PR GO5 F ISR LURRTSE[]. AT, 2021,
48(16): 69-71.

WANG J. Study on requirements of primary aromatic amines in food
contact materials [J]. Guangdong Chemical Industry, 2021, 48(16): 69-71.
I B A A A T S 3 (). 2024 BRI T AR AN GRS BR
# fi %% RASFF i@ it [EB/OL]. (2025-03-04) [2025-12-18].
https://book.yunzhan365.com/bookcase/dgvq/index.html

National Key Laboratory for Testing of Food Contact Materials (Changzhou).

2024 EU food and feed rapid alert system (RASFF) notification [EB/OL].
(2025-03-04) [2025-12-18]. https://book.yunzhan365.com/bookcase/dgvq/
index.html.

A £ LR B O R AT RS TS [0]. SR AR, 2025(10):
42-46.

ZHAO RR. Study on the migration of aromatic amines in food packaging
ink [J]. Green Packaging, 2025(10): 42-46.

WANG S, HANNA D, SUGAMORI KS, et al. Primary aromatic amines
and cancer: Novel mechanistic insights using 4-aminobiphenyl as a model
carcinogen [J]. Pharmacology & Therapeutics 2019(200): 179-189.
BHATTARAI B, GRONVALD J, LUND KH, et al. Primary aromatic
amines in paper cups, paper traws, and sausage casings [J]. Food Additives
& Contaminants: Part A, 2025, 42(10): 1435-1445.
SILVA-NASCIMENTO LE, WRONA M, DA-SILVA-OLIVEIRA W, et al.
A study on the migration of primary aromatic amines in packaged
acai-based (Euterpe oleracea Mart.) products [J]. Food Packaging Shelf
Life, 2023(38): 101118.

SZABO BS, JAKAB PP, HEGEDUS I, et al. Determination of 24 primary
aromatic amines in aqueous food simulants by combining solid phase
extraction and salting-out assisted liquid-liquid extraction with liquid
chromatography tandem mass spectrometry [J]. Microchemical Journal,
2021(164): 105927.

MCCALL E, KEEGAN J, FOLEY B. Primary aromatic amine migration
from polyamide kitchen utensils: Method evelopment and product testing
[J]. Food Addit Contamart A Chem Anal Control Expo Risk Assess, 2012,
29(1): 149-160.

[17]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

SANLLORENTE S, SARABIA LA, ORTIZ MC. Migration kinetics of
primary aromatic amines from polyamide kitchenware: Easy and fast
screening procedure using fluorescence [J]. Talanta, 2016(160): 46-55.
GHENI SA, ALI MM, TA GC, et al. Toxicity, hazards, and safe handling
of primary aromatic amines [J]. ACS Chemical Health & Safety, 2023,
31(1): 8-21.

KUHNKE L, TER-LAAK A, GOLLER AH. Reactivity descriptors for the
prediction of ames mutagenicity of primary aromatic amines [J]. Journal
of Chemical Information and Modeling, 2019, 59(2): 668-672.

SKIPPER PL, KIM MY, SUN HL, et al. Monocyclic aromatic amines as
potential human carcinogens: Old is new again [J]. Carcinogenesis, 2010,
31(1): 50-58.

eV, BB B A I A2 ) S R G AR 1 IR iR
[7]. ¥ 5HOL BE2E, 2004(1): 58-62.

ZHONG JT. Review of the mutagenicity- carcito dyes and their
metabolites from the perspective of their structure-activity relationships [J].
Journal of Environmental and Occupational Medicine, 2004(1): 58-62.
TRIER X, OKHOL B, FOVERSKOV A, et al. Primary aromatic amines
(PAAs)in black nylon and other food-contact [J]. Food Additives and
Contaminants-Part A, 2010, 27(9): 1325-1335.

MRAE, BT, Sz E bR bR A E Y BT R ). &
B A IR 24412, 2020, 11(18): 6504-6510.

SHI SQ, YAO WR. Research progress on migration of harmful substances
in takeaway food contact materials [J]. Journal of Food Safety & Quality,
2020, 11(18): 6504-6510.

GALBIATI E, JACXSENS L, DE-MEULENAER B. Hazard prioritisation
of substances in printing inks and adhesives applied to plastic food
packaging [J]. Food Additives & Contaminants: Part A, 2021, 38(9):
1608-1626.

LUO RJ, LIN QB, ZHU L. et al. Detection of primary aromatic amines
content in food packaging ink and migration from printed plastic bags [J].
Food Packaging and Shelf Life, 2022(32): 100820.

ALAMRI MS, QASEM AAA, MOHAMED AA, et al. Food packaging’s
materials: A food safety perspective [J]. Saudi Journal of Biological
Sciences, 2021, 28(8): 4490-4499.

SAMSUDIN H, AURAS R, MISHRA D, et al. Migration of antioxidants
from polylactic acid films: A parameter estimation approach and an
averview of the current mass transfer models [J]. Food Research
International, 2018(103): 515-528.

PAN JJ, CHEN YF, ZHENG JG, et al. Migration of mineral oil
hydrocarbons from food contact papers into food simulants and extraction
from their raw materials [J]. Food Additives & Contaminants: Part A, 2021,
38(5): 870-880.

PACK EC, JANG DY, CHA MG, et al. Potential for short-term migration
of mineral oil hydrocarbons from coated and uncoated food contact paper
and board into a fatty food simulant [J]. Food Additives & Contaminants:
Part A, 2020, 37(5): 858-868.

WAN JJ, ZHANG SC, LIU LL, et al. Contribution of packaging materials
to MOSH and POSH contamination of milk powder products during
storage [J]. Food Additives & Contaminants: Part A, 2021, 38(6):
1034-1043.

fIZRAS. B SRR BT RS X B i 2 A i e B OB s i )], BRAR



110 B 2 A R A A 4 £1746
B, 2024, 30(12): 128-130. china and related suggestions [EB/OL]. (2025-07-18) [2025-12-07].
HE DJ. Impact of migration of food packaging materials on food safety https://mp.weixin.qq.com/s/hOjj8 ImEmR4hMrJe8 WI8yw?scene=1
and its preventive measures [J]. Modern Food, 2024, 30(12): 128-130. [43] ALEEIR, KRS, BISCW, 2. NSRBI Fgefib Bk

[B1] AW, ToRE. FREM IR/ K R AR RVEREDTE[]. o E K, BLECEET]. it SIAIE, 2021(1): 88-89.

2001(2): 26-28. BAO GJ, ZHANG ZY, LIAO WB, et al. Comparison of domestic and
ZHENG YP, NING RC. Research on the performance of epoxy foreign regulations on polyamide plastic food contact materials [J]. China
resin/m-phenylenediamine system [J]. China Plastics, 2001(2): 26-28. Quality Certification, 2021(1): 88-89.

[32] ESH, BREIE, FlE, 45 QIR MEREERIT]. AR Tk, [44] R, AW, SERIGE, 4. 2019—2025 4R bl R ARHGE BT R
2008(1): 75-78. S0 30 1R A A S AR AT D], L e AR AR 4, 2025,
WANG DP, CHEN CH, WANG DZ, et al. Rubber reactive antioxidant [J]. 16(19): 307-316.

China Synthetic Rubber Industry, 2008(1): 75-78. ZHANG M, YU TT, AI GH, et al. Analysis of China’s food safety data

[33] CAMPANELLA G, GHAANI M, QUETTI G, ef al. On the origin of reported by European Union rapid alert system for food and feed from
primary aromatic amines in food packaging materials [J]. Trends in Food 2019 to 2025 [J]. Journal of Food Safety & Quality, 2025, 16(19):
Science & Technology, 2015, 46(1): 137-143. 307-316.

[34] MALUCELLI G, PRIOLA A, FERRERO F, ef al. Polyurethane resin [45] ZHANG Q, HUO YX, YANG QL, et al. Migration of chemical substances
based adhesives: Curing reaction and properties of cured systems [J]. from packaging materials to food [J]. Food Chemistry, 2025(485): 144544.
International Journal of Adhesion and Adhesives, 2005, 25(1): 87-91. [46] AZNAR M, DOMENO C, NERIN C, et al. Set-off of non volatile

[35] DIXON J. Packaging materials 9. Multilayer packaging for food and compounds from printing inks in food packaging materials and the role of
beverages [R]. ILSI Europe Report Series, 2011. lacquers to avoid migration [J]. Dyes and Pigments, 2015(114): 85-92.

[36] VPl FFKil, AEmekl, &5 ST RS TBEE AAEh 3 XU M [47] ZUEAS, MENR, ek, 5. PET/PE R AR WIg07 % e & 2 Rkt
FEZATITIE[]. SRR, 2025, 53(7): 220-223. WA BRI M LA TPAG D], £ S R, 2021, 47(15):
XU C, QI YR, LI XJ, et al. Analysis and research on three categories of 120-128.
risk monitoring projects in food-use plastic composite bags [J]. Plastics LUO RJ, LIN QB, YAN JW, et al. Migration and safety assessment of
Science and Technology, 2025, 53(7): 220-223. primary aromatic amines and two plastic additives from PET/PE

[37] #h, B075. S AR R A AR 0], B A composite films [J]. Food and Fermentation Industries, 2021, 47(15):
A EEA, 2019, 10(24): 8195-8203. 120-128.

WEI S, BAO L. Analytical methods of non-intentional added substance in [48] 1EEE, 1)), skib, 5. &AM R F YT R
food contact material [J]. Journal of Food Safety & Quality, 2019, 10(24): [3]. &AL, 2025, 50(9): 327-334.
8195-8203. RENG MM, XU D, ZHANG C, et al. Research progress on the migration

[38] ZIMMERMANN L, SCHERINGER M, GEUEKE B, et al. Implementing of harmful substances in food packaging materials [J]. Food Science and
the EU chemicals strategy for sustainability: The case of food contact Technology, 2025, 50(9): 327-334.
chemicals of concern [J]. Journal of Hazardous Materials, 2022(437): [49] THOFS. J e R0 7 1 T 1 70 S T A M ek 1y 1 4 S M BEBF 5[0
129167. SRHUE, 2025, 35(1): 18-21, 8

[39] 1FF, B3, Jmag, 45 SR 05 A e 1 i B AU 55 A0 WEI YL. Preparation and properties of aliphatic and aromatic solventless
B[] P EEEEL 2022, 36(2): 139-146. polyurethane laminating adhesive [J]. Plastics Packaging, 2025, 35(1):
RENG P, ZHAO J, JU Y, et al. Migration risk and regulatory control of 18-21, 8
primary aromatic amines in food contact materials [J]. China Plastics, [50] RADUSIN T, NILSEN J, LARSEN S, et al. Use of recycled materials as
2022, 36(2): 139-146. mid layer in three layered structures-new possibility in design for

[40] MEE. PSRBT & T[] f2EHE TR 5 5 o Tk recycling [J]. Journal of Cleaner Production, 2020(259): 120876.

Kk, 2011, 9(1): 21-30, 39. [51] BALINT SS, NOEMI P, CSABAR K, et al. Stability study of primary
YE QX. Recent development status of polyurethane adhesives for flexible aromatic amines in aqueous food simulants under storage conditions of
package [J]. Chemical Propellants & Polymeric Materials, 2011, 9(1): food contact material migration studies [J]. Food Packaging and Shelf Life,
21-30, 39. 2022(33): 100909.

[41] ZHANG HR, YANG DY, GAO J, et al. Probabilistic health risk [52] N7z, BAAEE A FHICH R SR R Ok 70 R 905 A e i B i
assessment of primary aromatic amines in polyamide cooking utensils in WFFE[C]. dbat: *ﬁﬁ%i\fﬁ 30 JHEEARAE S B O SRR FIS IS
China by Monte Carlo simulation [J]. Food and Chemical Toxicology, 5 M U BDRG R AR 4. b5t BB A R I BR 2 j 2021.
2024(193): 115067. TIAN LY. Research on the migration of primary aromatic amines in

[42] IR BRI TS 000 % (5 ). 2025 24 RASFF | solvent-free polyurethane adhesives for flexible packaging lamination [C].

X AR E 4 gy T B A 56 g L [EB/OL).
https://mp.weixin.qq.com/s/hOjj8 ImEmR4hMrJe8WI8yw?scene=1

(2025-07-18) [2025-12-7].

Nanjing Customs Dangerous Goods and Packaging Inspection Center.

RASFF notification for the first half of 2025: Analysis of notifications to

Beijing: The 30th Academic Annual Conference of Beijing Adhesive

Society and Green Building Adhesive Forum and the 5th

Beijing-Tianjin-Hebei Adhesive Technology Seminar. Beijing Gaomeng
New Materials Co., LTD., 2021.



EHCR RER, AR I AR

R ah e 2 BT 5 40 111

[53]

[54]

[55]

[56]

[57]

[58]

[59]

TR A fL 2 SR T 0 O P XURS: 5 e B 0], Rz,
2024, 51(1): 19-21.

ZHANG W. Use risk and safety management of polyurethane adhesive for
food packaging [J]. Adhesion, 2024, 51(1): 19-21.

M. WK UL P RRER AL 43 % 5 B TP R — 5 SRR R SV B 5
[D]. Kt -t Tl k2%, 2016.

CUI XX. Research on the catalytic decomposition of toluene diisocyanate
from toluene diaminocarbamate [D]. Tianjin: Hebei University of
Technology, 2016.

PANDISELVAM R, AYDAR AY, KUTLU N, et al. Individual and
interactive effect of ultrasound pre-treatment on drying kinetics and
biochemical qualities of food: A critical review [J]. Ultrasonics
Sonochemistry, 2023(92): 106261.

BRANDSCH R, PEMBERTON M, SCHUSTER D, et al. Impact of
partitioning in short-term food contact applications focused on polymers in
support of migration modelling and exposure risk assessment [J].
Molecules, 2021, 27(1): 121.

HAUL, ST, PR, S R ARTIRZEE LS T 2,4- 2 ROEA
4.4 T AR TR 1) R T £ R AU RO T RS A AT (0], R,
2021, 42(20): 292-298.

GUAN LQ, CAI XY, CHEN L, et al. Analysis of the migration of
2,4-diaminotoluene and 4,4’-diaminodiphenylmethane from
polyamide/polypropylene retort pouches to acidic food simulants [J]. Food

Science, 2021, 42(20): 292-298.

& RHFEME R[] A HriAR, 2021, 40(11): 1604-1610.

GUAN LQ, CAI XY, CHEN L, ef al. Determination and influencing
factors of migration of primary aromatic amines in pa/cpp retort pouch [J].
Journal of Instrumental Analysis, 2021, 40(11): 1604-1610.

AZNAR M, CANELLAS E, NERIN C. Quantitative determination of 22

(e1]

[63]

primary aromatic amines by cationexchange solid-phase extraction and
liquid chromatography-mass spectrometry [J]. Journal of Chromatography,
2009, 1216(27): 5176-5181.

SENDON R, BUSTOS J, SANCHEZ JJ, et al. Validation of a liquid
chromatography-mass spectrometry method for determining the migration
of primary aromatic amines from cooking utensils and its application to
actual samples [J]. Food Additives & Contaminants: Part A, 2010, 27(1):
107-117.

ZIGET. ST R AL B R R A IE R WS (D). Kot KRR
Hok2#, 2018.

QIN XF. Research on the migration of aromatic amines in ink to food
packaging films [D]. Tianjin: Tianjin University of Science and
Technology, 2018.

WIE s, E&, TRBTH, S5 SO @R SUTTE TS R & e e &
B 25 Rl oy BN T[], AHrikeeEE, 2019, 38(1): 72-78.
HU XY, WANG L, ZHANG AX, et al. Simultaneous determination of
migration amount for 25 primary aromatic amines in nylon tableware by
GC/MS-MS [J]. Chinese Journal of Analysis Laboratory, 2019, 38(1):
72-78.

et KA, 2 HE, SF BRI AR 2 N TS
HEREL)]. ARG EFLERPRL, 2025, 47(3): 1-7.

GUO WT, ZHANG R, WU RN, et al. Research progress on the
application of bio-based oil-resistant coatings for food packaging paper [J].
Paper Making and Fiber Materials, 2025, 47(3): 1-7.

BRI, RUEE, WA, F. AUTKHI AR TR K B AR 2 i
SPERERIISELT]. B T3t SR, 2025, 41(5): 372-378.

ZHONG YC, ZHU HT, PAN JH, et al. Fabrication and characterization of
bio-based fluorine-free water-and oil-resistant coating for paper [J]. Ton

Exchange and Adsorption, 2025, 41(5): 372-378.

(A% Rt $hieir)



